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DRIVING METHOD OF PLASMA DISPLAY PANEL AND DISPLAY DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to a driving method of 

a surface discharge type plasma display panel (PDP). 

A PDP is commercialized as a wall -hung television 
set or a monitor of a computer, and the screen size 
thereof has reached 60 inches. In addition, a PDP is a 

10 digital display device comprising binary light emission 
cells and is suitable for displaying digital data, so it 
is expected as a multimedia monitor. In a market, a 
device having high resolution supporting a high quality 
digital image and being capable of displaying a bright 

15 image is desired. 

2 . Description of the Prior Art 

In an AC type PDP, charge quantity (wall charge 
quantity) of a dielectric layer is controlled in 
accordance with contents of display in an addressing 

20 period, and then the wall charge is used for generating a 
display discharge plural times corresponding to a 
luminance value in a sustaining period. In the sustaining 
period, a sustaining voltage Vs having alternating 
polarities is applied across a pair of display electrodes. 

25 The sustaining voltage Vs satisfies the following 
inequality ( 1 ) . 

VfxY - Vw xy < Vs < Vf X y (1) 

Here, Vf X y is a discharge start voltage between the 
display electrodes , and Vw X y is a wall voltage between the 
30 display electrodes. The application of the sustaining 
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voltage Vs causes a display discharge only in cells having 
predetermined quantity of wall charge when a cell voltage 
(a sum of a drive voltage applied to the electrodes and 
the wall voltage) exceeds the discharge start voltage Vf X y. 
5 Since a usual application period is short such as a few 
microseconds, the light emission can be seen continuously. 

A surface discharge format is adopted in an AC type 
PDP for a color display. In this surface discharge format, 
display electrodes to be an anode and a cathode in the 

10 display discharge are arranged in parallel on a front or 
rear substrate, and address electrodes are arranged in 
such a way to cross the display electrode pair. Also in 
the surface discharge type PDP, the display electrodes are 
connected with driving circuits by distributing display 

15 electrode terminals alternately in both sides (e.g., right 
and left sides) of a display screen in the order of 
electrode arrangement, as a usual method. 

There are two forms of arrangement of the display 
electrodes for the surface discharge type. Hereinafter, 

20 one form is referred to as Form A and another form is 
referred to as Form B. In Form A, a pair of display 
electrodes is arranged for each row. The total number of 
the display electrodes is twice the number of rows n. In 
Form A, each row is independent of other rows when being 

2 5 controlled, so there is large flexibility of driving 
sequence. However, since an electrode gap between 
neighboring rows (also called a reverse slit) becomes a 
non- lighted area, utilization factor of the display screen 
is small. In Form B, display electrodes of the number of 

30 rows n plus one are arranged substantially at a constant 
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pitch at the ratio of three per two rows. In Form B # 
neighboring display electrodes constitute an electrode 
pair for a surface discharge, and every display electrode 
gap becomes a surface discharge gap. Display electrodes 
5 except both ends of the arrangement relates to displays of 
an odd row and an even row. This Form B has an advantage 
from the viewpoints of high definition (a small row pitch), 
an efficient use of the display screen, and high 
resolution (increase of rows). . 

10 Conventionally, a PDP having an electrode structure 

of Form B is used for a display of an interlace format. 
In the interlace format , a half of rows in the entire 
screen is not used in each of odd and even fields . For 
example, even-numbered rows are not lighted in an odd 

15 field. Therefore, luminance in the interlace format is 
lower than that in the progressive format. In addition, 
the interlace format has another disadvantage in that 
flickers are conspicuous in a display of a still picture. 
The progressive format is suitable for a high quality 

20 display that is required for high quality image equipment 
such as a DVD or a HDTV. 

If an appropriate addressing is performed for a PDP 
of Form B, a display of the progressive format can be 
realized. Namely, when a sustaining voltage Vs having 

25 alternating polarities is applied across the display 
electrodes in the same way as in the PDP of Form A, an odd 
row and an even row can be lighted at the same time. 
However, if the usual driving method is applied as it is, 
in which the neighboring display electrodes are biased 

30 alternately, directions of current flowing through the 
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display electrodes upon the display discharge become the 
same in all display electrodes . When the directions of 
the current are the same, magnetic fields generated when 
electricity is supplied are strengthened by each other, 
5 resulting in a problem of EMI ( electromagnetic 
interference) between the display screen and external 
equipment . 

A driving method that is effective at reducing the 
electromagnetic interference in a PDP of Form A is 

10 disclosed in Japanese unexamined patent publication No. 
10-3280 . As disclosed in this publication , in the case of 
Form A, display electrodes to be biased are divided into 
right and left in such a way that a display electrode 
having a terminal at the left side of the display screen 

15 is biased in an odd row, while another display electrode 
having a terminal at the right side is biased in an even 
row, so that the direction of current in the odd row 
becomes opposite to that in the even row. When the 
directions of current are opposite to each other, magnetic 

20 fields are canceled by each other. If an image to be 
displayed has the same number of lighted cells between 
neighboring rows, the magnetic fields are completely 
canceled by each other. However, this conventional 
technique cannot be applied to a PDP of Form B, because 

25 neighboring odd and even rows share a display electrode in 
Form B, so that the direction of current cannot be set 
independently for each row. 



30 



SUMMARY OF THE INVENTION 
An object of the present invention is to provide a 
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driving method of a display having a PDP in which display 
electrodes are arranged at a ratio of three per two rows, 
wherein all rows can be lighted in sustaining period from 
an addressing period to the next addressing period and 
5 electromagnetic interference can be reduced sufficiently. 

According to one embodiment of the present invention, 
driving waveforms are set so as to satisfy the following 
two conditions . 

Condition 1: Each display electrode has another 
10 display electrode that has a terminal at the same side of 
5 the display screen and has the opposite direction of 

CQ current . 

00 

yn Condition 2: A potential difference is generated 

S across the display electrodes, which is necessary for a 

^ 15 discharge, 

Q Namely, plural electrode pairs are set by dividing 

m the first display electrodes by two having terminals at 

J: one side of the display screen. In the same manner, about 

M= the second display electrodes having terminals at the 

20 other side of the display screen, plural electrode pairs 
are set, so that the potential changes have a 
complementary relationship between the first display 
electrodes as well as between the second display 
electrodes making electrode pairs. Then, a sustaining 
25 voltage is applied across the display electrodes at the 
ratio of one row per k (k ^ 2) rows, and the potentials 
of the first display electrodes and the second display 
electrodes are changed so that the interelectrodes to 
which the sustaining voltage is applied are changed 
30 sequentially. Magnetic fields are cancelled by each other 
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between the display electrodes making a pair, so that the 
electromagnetic interference can be reduced. 

Alternatively, terminals for supplying electricity 
to the first display electrodes and terminals for 
5 supplying electricity to the second display electrodes are 
arranged at one side of the display screen, and the 
sustaining voltage pulse is applied to the first display 
electrodes and the second display electrodes alternately. 



10 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of a display device 
according to a first embodiment of the present invention. 

Fig. 2 is a perspective view showing a cell 
structure of a PDP. 
15 Fig. 3 is a plan view showing a partition pattern of 

a PDP. 

Fig. 4 is a diagram showing a general setting of 
periods . 

Fig. 5 is a diagram showing voltage waveforms in an 
20 example of driving sequence that realizes a progressive 
display. 

Fig. 6 is a diagram showing polarity changes of wall 
charge . 

Fig. 7 is a diagram showing an address order. 
25 Fig. 8 is a diagram showing a first example of 

driving waveforms in a display period. 

Fig. 9 is a diagram showing relationship between a 
row and discharge timing in the case where the driving 
waveforms of the first example is applied. 
30 Fig. 10 is a diagram showing a first example of 



setting of complementary display electrode pairs . 

Fig. 11 is a diagram showing directions of discharge 
current flowing through display electrodes in the first 
embodiment . 

5 Fig. 12 is a diagram showing a second example of the 

driving waveforms in the display period. 

Fig. 13 is a diagram showing relationship between a 
row and discharge timing in the case where the driving 
waveforms of the second example is applied. 
10 Fig. 14 is a diagram showing a second example of 

setting of complementary display electrode pairs. 

Fig. 15 is a diagram showing a third example of the 
driving waveforms in the display period. 

Fig. 16 is a diagram showing a first variation of 
15 the display electrode structure and an example of setting 
of complementary display electrode pairs . 

Fig. 17 is a diagram showing a second variation of 
the display electrode structure and an example of setting 
of complementary display electrode pairs . 
20 Fig. 18 is a block diagram of a display device 

according to a second embodiment of the present invention. 

Fig. 19 is a diagram for explaining a sustaining 
operation in the second embodiment . 

Fig. 20 is a diagram showing directions of discharge 
25 current flowing through display electrodes in the second 
embodiment . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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Hereinafter, the present invention will be explained 
more in detail with reference to embodiments and drawings. 



[First Embodiment] 

A structure of a device to which a driving method of 
the present invention is applied will be explained, and 
then the driving method will be explained. A sustaining 
5 control that is a feature of the driving method of the 
present invention as well as an addressing control that 
relates to a practice of the present invention will be 
explained in detail. 

[ Device Structure ] 

10 Fig 1 is a block diagram of a display device 

according to a first embodiment of the present invention, 
A suffix of a reference character in Fig. 1 indicates an 
arrangement order of the corresponding electrode . A 
display device 100 comprises a surface discharge type PDP 

15 1 having a display screen including m x n cells for a 
color display and a drive unit 70 for controlling light 
emission of cells. The display device 100 is used for a 
wall-hung television set or a monitor of a computer system. 
In the PDP 1, first and second display electrodes X 

20 and Y for generating display discharges are arranged in 
parallel and in the order of X, Y, X, Y, X while 

address electrodes A are arranged to cross the display 
electrodes X and Y. The display electrodes X and Y extend 
in the row direction (horizontal direction) of a matrix 

25 display, while the address electrodes extend in the column 
direction (vertical direction) . The total number of the 
display electrodes X and Y is the number of rows n plus 
one (n + 1), while the total number of the address 
electrodes A is equal to the number of columns m. In this 

30 embodiment the number of rows n is even. Terminals of the 
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display electrodes X are arranged at one side of the 
display screen in the row direction, while terminals of 
the display electrodes Y are arranged in the other side. 

The drive unit 70 includes a control circuit 71 for 
5 controlling drive, a power source circuit 73 for supplying 
a driving power, an X driver 74 for controlling potentials 
of the display electrodes X, a Y-driver 77 for controlling 
potentials of the display electrodes Y, and an A-driver 80 
for controlling potentials of the address electrodes A. 

10 The drive unit 70 is supplied with frame data Df 
indicating luminance levels of red, green and blue colors 
together with various synchronizing signals from external 
equipment such as a TV tuner or a computer. The frame 
data Df are temporarily memorized in a frame memory 711 of 

15 the control circuit 71. The control circuit 71 converts 
the frame data Df into subfield data Dsf for a gradation 
display, which are transmitted to the A-driver 80 in 
series. The subfield data Dsf are a set of display data 
in which each bit corresponds to one cell. A value of the 

20 each bit indicates whether the cell is lighted or not in 
the corresponding subfield, more specifically whether an 
address discharge is necessary or not. 
[Panel Structure] 

Fig. 2 is a perspective view showing a cell 
25 structure of a PDP. PDP 1 comprises a pair of substrate 
structures 10 and 20, each of which includes a substrate 
on which cell elements are arranged. On the inner surface 
of a glass substrate 11 of the front substrate structure 
10, the display electrodes X and Y are arranged at the row 
30 pitch. Here, the row means a set of m (the number of 
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columns) cells having the same arrangement order in the 
column direction. Each of the display electrodes X and Y 
includes a transparent conductive film 41 forming a 
surface discharge gap of each cell and a metal film (bus 
5 conductor) 42 that is overlaid on the middle of the 
transparent conductive film 41 in the column direction. 
The metal film 42 is drawn out of a display screen ES and 
is connected to the corresponding driver. The display 
electrodes X and Y are covered with a dielectric layer 17, 

10 which is coated with magnesia (MgO) forming a protection 
film 18. On the inner side of a glass substrate 21 of the 
rear substrate structure 20, the address electrodes A are 
arranged one by one corresponding to each column. The 
address electrodes A are covered with a dielectric layer 

15 24, on which a partition 29 having a height of 
approximately 150 Mm is provided. The partition 29 
includes a portion dividing a discharge space into columns 

( hereinafter referred to as a vertical wall ) 291 and a 

J 

portion dividing the discharge space into rows 
20 (hereinafter referred to as a horizontal wall) 292. The 
surface of the dielectric layer 24 and a side face of the 
partition 29 are covered with red, green and blue 
fluorescent material layers 28R, 28G and 28B for a color 
display. Italic letters (R, G and B) in Fig. 2 indicate 
25 light emission colors of the fluorescent material layers. 
The color arrangement has a repeating pattern of red, 
green and blue colors, in which cells of one column have 
the same color. A discharge gas emits ultraviolet rays, 
which excite the fluorescent material layers 28R, 28G and 
30 28B to emit light. 
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Fig. 3 is a plan view showing a partition pattern of 
a PDP. The partition has a grid pattern in which each 
cell C is enclosed separately. Since a discharge space 31 
is substantially divided into cells in the grid pattern, 
5 there is no discharge interference in the column direction 
in contrast to a stripe pattern in which horizontal walls 
are omitted. Furthermore, by providing fluorescent 
material at a side face of the horizontal wall 292 too, 
light emission efficiency is enhanced. If the metal films 
10 42 of the display electrodes X and Y are arranged to 
overlap the horizontal wall 292, it can be avoided to 
shield display light by the metal film 42. 
[Driving Method] 

Fig. 4 is a diagram showing a general setting of 

15 periods. A frame that is image information of one scene 
is displayed in the progressive format in a frame period 
Tf. The frame is divided into e.g., eight subframes for 
reproducing each color by gradation display. In other 
words , each frame is replaced with a set of eight 

20 subframes. The subframes are given luminance weights so 
that the number of display discharge in each subframe is 
determined. The luminance of each color (red, green or 
blue) can be set in multiple steps by combining on and off 
of each subframe. Though the subframes are arranged in 

25 the weight order in Fig. 4, they can be arranged in 
another order. In accordance with this frame structure, 
the frame period Tf is divided into eight subframe periods 
Tsfl-Tsf8. In addition, each of the subframe periods 
Tsfl-Tsf8 is divided into a preparation period TR for 

30 equalizing charge distribution in the entire screen, an 



address period TA for forming charge distribution 
corresponding to contents of display, and a display period 
TS for sustaining the lighted state to ensure a luminance 
level corresponding to a gradation level. The lengths of 
5 the preparation period TR and the address period TA are 
constant regaf^dless of the luminance weight , while the 
display period TS becomes longer as the luminance weight 
becomes larger . 

Fig. 5 is a diagram of voltage waveforms showing an 

10 example of a driving sequence realizing the progressive 
display. Fig. 6 is a diagram showing polarity changes of 
wall charge. Fig. 7 is a diagram showing an address order. 
The order of the preparation period TR, the address period 
TA and the display period TS is common to eight subfields, 

15 and the driving sequence is repeated every subfield. The 
amplitude, the polarity or the timing of the waveforms can 
be modified variously. Instead of an erasing address 
format shown in Figs. 5-7, a writing address format can be 
adopted. 

20 In the preparation period TR, a ramp waveform pulse, 

an obtuse waveform pulse and a rectangular waveform pulse 
are combined appropriately to be applied, so that wall 
charge sufficient for generating a discharge when the 
sustaining voltage is applied is formed in each row. An 

25 application of a pulse means biasing an electrode 
temporarily to a predetermined potential. At the end of 
the preparation period TR, the polarity of wall charge is 
positive ( + ) at the display electrode X side in each row 
and negative (-) at the display electrode Y side. 

30 Regarding charge in the vicinity of each of the display 



electrodes X and Y, substantially the same quantity of 
wall charge having the same polarity exists at both sides 
of the horizontal wall 292 as shown in Fig, 6. 

As shown in Fig. 5, the display electrode Y is 
5 controlled independently as a scan electrode for 
addressing. The display electrodes X are classified into 
a first group (X 1# X 3 , X 5 , ....) and a second group (X 2 , X 4 , 
X 6 . . . . ) in accordance with whether the arrangement order 
is odd or even noting only the display electrodes X, and a 

10 common potential control is performed for each group. In 
a first half TA11 of the address period TA, a sustaining 
pulse Ps having an amplitude Vs and the positive polarity 
is applied to the second group of display electrodes X 2 , 
X 4 , X 6 .... first (#1). Thus, a discharge is generated and 

15 the polarity of the wall charge is reversed in the row to 
which the display electrodes X 2 , X 4 , X 6 .... relate (i.e., 
a target of addressing in a second half TA12). The 
discharge is localized for each row by the horizontal wall 
292. Therefore, concerning the charge in the vicinity of 

20 the each display electrode Y, the polarity of the display 
electrodes X 2 , X 4 , X 6 .... side is reversed with respect to 
the horizontal wall 292, while the polarity of the first 
group of display electrodes Xi, X 3 , X 5 .... is not reversed. 
This wall charge control is followed by once altering the 

2 5 potentials of all the display electrodes Y to a selecting 
potential (Vy) having the negative polarity and then by 
biasing the same to the non-selecting potential (Vsc), and 
the first group of display electrodes X x , X 3 , X 5 .... are 
biased to the selecting potential (Vax) . In that state, a 

30 scan pulse Py is applied to all the display electrodes Y 
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one by one. Namely, the display electrode Y of the 
selected row is temporarily biased to the selecting 
potential (Vy) . When the scan pulse Py is applied to the 
display electrodes Y in the arrangement order, the row 
5 selection is performed in such a way that two rows are 
selected at intervals of two rows after selecting the 
first row as shown in Fig, 7. In synchronization with the 
row selection by the scan pulse Py, an address pulse Pa is 
applied to the address electrode A corresponding to the 
10 cell to be non-lighted in the following display period TS 
5 (i.e., the cell to be selected in the erase addressing), 

CO The address discharge occurs in a cell where the display 

yi electrode X is biased, the scan pulse Py is applied and 

if the address pulse Pa is applied, so that the wall charge 

^ 15 is erased as shown with the solid line in Fig. 6. The 
O address pulse Pa is not allied to a cell to be lighted 

fli (non-selected cell), and the wall charge remains in the 

]Z cell as shown with the broken line in Fig . 6 . 

H It is important that despite of the each display 

20 electrode Y common to the neighboring two rows, the 
addressing is perf ormed only for one of the two rows . As 
explained above, prior to the row selection, the polarity 
of the wall charge in the rows to which the second group 
of display electrodes X 2 , X 4 , X 6 .... relate is reversed, 
25 so that the wall charge works to cancel the scan pulse Py 
and the address discharge does not occur in the rows. 

In the second half TA12 of the address period TA, 
the sustaining pulse Ps is applied to every display 
electrode Y first, and then the polarity of the wall 
30 charge in the rows to which the display electrodes X 2 , X 4 , 
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X 6 .... relate is reversed again (#2). Namely, the 
charged state of the target to be addressed in the second 
half TA12 is reset to the state at the end of the 
preparation period TR. After that, the sustaining pulse 
5 Ps is applied to the first group of display electrodes Xi, 
X 3 , X 5 .... (#3). Thus, a discharge occurs in the non- 
selected cell in the row that was selected in the first 
half TA11, so that the polarity of the remaining wall 
charge is reversed. After this wall charge control, the 
10 potential of all the display electrodes Y is once altered 
4? to the selecting potential (Vy) gradually, and the display 

SO electrodes Y are biased to the non-selecting potential 

iff (Vsc) . The display electrodes X 2 , X 4 , X 6 .... are biased 

to the selecting potential (Vax) . In this state, the scan 
^ 15 pulse Py is applied to all the display electrodes Y one by 
Q one. When the scan pulse Py is applied to the display 

fy electrodes Y in the arrangement order, the rows that were 

not selected in the first half TA11 are selected in series 
H as shown in Fig. 7. In synchronization with the row 

20 selection by the scan pulse Py, the address pulse Pa is 
applied to the address electrode A corresponding to the 
selected cell so as to generate the address discharge. 
Since the polarity of the wall charge is reversed in 
advance for non- target rows in the same way as in the 
25 first half TA11, the wall charge works to cancel the scan 
pulse Py. Accordingly, the address discharge does not 
occur in the non-target rows. 

A practical example of the bias potential is as 
follows. Vs is 160-190 volts. Vy is -40 to -90 volts. 
30 Vsc is 0-60 volts. Vax is 0-80 volts. 




-16- 

In the display period TS, the sustaining pulse Ps is 
simultaneously applied to all the display electrodes Y 
first. Thus, a display discharge is generated in the rows 
to which the display electrode Y and the display 
5 electrodes X i# X 3 , X 5 .... relate, so that the relationship 
between the polarity of the wall charge and the display 
electrodes X and Y becomes the same in all cells to be 
lighted. After that, the sustaining pulse Ps is applied 
to the display electrode X and the display electrode Y at 

10 the after-mentioned timing in accordance with the present 
invention. When the pulse is applied, a display discharge 
occurs in the cell to be lighted and to which the 
sustaining voltage is applied. 

Hereinafter, the sustaining control according to the 

15 present invention will be explained. 

Fig 8 is a diagram showing a first example of 
driving waveforms in a display period. Fig. 9 is a 
diagram showing relationship between a row and a discharge 
timing in the case where the driving waveforms of the 

20 first example are applied. When the sustaining is 
performed, the display electrodes X are classified into a 
first group XG1 and a second group XG2 in accordance with 
whether the arrangement order is odd or even noting only 
the display electrodes X in the same way as in the 

25 addressing, and a common potential control is performed 
for each group. In addition, the display electrodes Y are 
also classified into a first group YG1 and a second group 
YG2 in accordance with whether the arrangement order is 
odd or even noting only the display electrodes Y, and a 

30 common potential control is performed for each group. In 
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the first example, the number of groups k is 2 for each of 
the display electrodes X and Y. 

A rectangular voltage pulse train including plural 
sustaining pulses Ps in a constant period (= 4a) is 
5 applied to the display electrodes X of each group in 
series with being delayed by the time of the pulse width 
(= 2a) multiplied by 2/k. Since k = 2 in this example, 
the delay time is the same as the pulse width. Then, a 
similar rectangular voltage pulse train is applied to the 
10 display electrodes Y in such a way that the delay time 
between the neighboring display electrodes X becomes the 
pulse width multiplied by 1/k (= 2a/2 = a). Thus, the 
display discharge occurs alternately in the odd row and 
the even row. 

15 For example, at a leading edge point tl of the 

sustaining pulse Ps for the group XG1, a predetermined 
potential difference is generated between the display 
electrode X of the group XG1 and the display electrode Y 
of the group YG1 , as well as between the display electrode 

20 X of the group XG2 and the display electrode Y of the 
group YG2 • Therefore, a display discharge is generated in 
the odd row. Since there is a certain delay of discharge 
in reality, a length of delay a is set to a value of 500 
nanoseconds or more . 

25 At a leading edge point t2 of the sustaining pulse 

Ps for the group YG1, a predetermined potential difference 
is generated between the display electrode Y of the group 
YG1 and the display electrode X of the group XG2 , as well 
as between the display electrode Y of the group YG2 and 

30 the display electrode X of the group XG1 . Therefore, a 
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display discharge is generated in the even row. 

At a trailing edge point t3 of the sustaining pulse 
Ps for the group XG1 , a potential difference having the 
polarity opposite to the previous one is generated between 
5 the display electrode X of the group XG1 and the display 
electrode Y of the group YG1 , as well as between the 
display electrode X of the group XG2 and the display 
electrode Y of the group YG2. Therefore, a display 
discharge is generated again in the odd row, 

10 At a trailing edge point t4 of the sustaining pulse 

Ps for the group YG1 , a potential difference having the 
polarity opposite to the previous one is generated between 
the display electrode Y of the group YG1 and the display 
electrode X of the group XG2 , as well as between the 

15 display electrode Y of the group YG2 and the display 
electrode X of the group XG1 . Therefore, a display 
discharge is generated again in the even row. 

Since the duty ratio of the illustrated rectangular 
voltage pulse train is 50%, the display discharge can be 

20 generated in a constant interval (= a). Namely, the 
optimal duty ratio is 50% for enhancing reliability of 
driving by equalizing a allowable time to the discharge 
delay. However, the duty ratio is not limited to 50%. 
Any other value can be used for the progressive display. 

25 When the light timing of cells in an odd row differs 

from that in an even row, the peak value of discharge 
current is reduced by half from that in the simultaneous 
lighting, so that the load of the driving circuit 
decreases. Even if the light timing differs, a bright 

30 display can be obtained in the same way as in the 
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simultaneous lighting . 

By applying the pulse in this way, an 
electromagnetic interference (EMI) can be reduced. Noting 
the waveform of the display electrode X in Fig. 8, 
5 potential variations in the group XG1 and the group XG2 
have the complementary relationship. When the potential 
in one of the groups rises, the other drops, and vice 
versa . Regarding the pulse train as an alternating signal , 
the group XG1 and the group XG2 have the opposite phases 

10 to each other. If the number of rows n is even, the 
number of electrode in the group XG1 is larger than that 
in the group XG2 by one. However, since the number of 
rows n is usually more than hundreds , the number of 
electrodes in the group XG1 can be regarded as 

15 substantially equal to that in the group XG2 . Namely, 
almost every display electrode X has another display 
electrode X to make a pair whose potential variation has 
the complementary relationship. Hereinafter, this pair is 
called "complementary display electrode pair". Similarly, 

20 almost every display electrode Y has another display 
electrode Y to make a complementary display electrode pair. 

Fig. 10 is a diagram showing a first example of 
setting of complementary display electrode pairs. In Fig. 
10, the number of rows n is 1024. In the illustrated 

25 example, the total 256 of complementary display electrode 
pairs XPi-XP 2 56 are set by dividing the display electrode X 
by two in the arrangement order. In the same way, the 
total 256 of complementary display electrode pairs YP X - 
YP 2 56 are set by dividing the display electrode Y. 

30 Fig. 11 is a diagram showing directions of discharge 
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current flowing through display electrodes in the first 
embodiment. When a display discharge occurs in an odd row 
(or in an even row), the direction of current flowing in 
the display electrode Xj in the row direction of the 
5 complementary display electrode pair XP is opposite to 
that in the display electrode Xj +i . Therefore, magnetic 
fields generated by the display electrode X-j and by the 
display electrode Xj+i are canceled by each other. In 
general, a pattern of light and non-light is similar 
10 between neighboring rows. In this case, the magnetic 
If fields can be cancelled almost completely. Similarly, the 

2 directions of currents flowing in the display electrode Y-j 

m and the display electrode Yj+i of the complementary display 

S electrode pair YP are opposite to each other, so magnetic 

^ 15 fields generated by the display electrode Yj and by the 
□ display electrode Yj+i are canceled by each other. 

U Fig . 1 2 is a diagram showing a second example of the 

IT driving waveforms in the display period. Fig. 13 is a 

^ diagram showing relationship between a row and a discharge 

20 timing in the case where the driving waveforms of the 
second example are applied. Fig. 14 is a diagram showing 
a second example of setting of complementary display 
electrode pairs . 

In the example shown in Fig. 12, the display 
25 electrodes X are classified into four groups XG1 , XG2, XG3 
and XG4 by dividing the display electrodes X in the 
arrangement order one by one for sustaining, and a common 
potential control is performed for each group. In the 
same way, the display electrodes Y are classified into 
30 four groups YG1 , YG2 , YG3 and YG4 , and a common potential 
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control is performed for each group. In the second 
example, the number of groups is 4 for each of the display 
electrodes X and Y. 

A rectangular voltage pulse train including plural 
5 sustaining pulses Ps in a constant period (= 8b) is 
applied to the display electrodes X in one group to 
another while shifting the rectangular voltage pulse train 
by the time of the pulse width (= 4b) multiplied by 2/k. 
The duty ratio of the rectangular voltage pulse train is 

10 50%. Since k = 4 in this example, the shift is a half of 
the pulse width. Then, a rectangular voltage pulse train 
is applied to the display electrodes Y in such a way that 
the shift between neighboring display electrodes X becomes 
the pulse width multiplied by 1/k (= 4b/4 = b) . Thus, 

15 display discharges are generated in the corresponding rows 
at the rate of one per four rows as shown in Fig. 13. The 
corresponding rows are replaced with others in the 
arrangement order. The display discharge occurs in a 
constant period 4b in each row as understood from points 

20 tl-t8 in Fig. 13. 

In this example too, display electrodes X and Y 
constitute a complementary display electrode pair for 
reducing an electromagnetic interference. As shown in Fig. 
14, odd-numbered display electrodes X are divided by two 

25 in the arrangement order, and even -numbered display 
electrodes X are divided by two in the arrangement order, 
so that the total 256 of complementary display electrode 
pairs XPi-XP 2 56 are set. In the same way, the total 256 of 
complementary display electrode pairs YP!-YP 2 56 are set by 

30 dividing the display electrodes Y. 
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In the above-mentioned first and second examples of 
the driving waveforms concerning the sustaining, the 
display discharge can be generated securely by enlarging 
the initial pulse width in the display period, so that the 
5 subsequent sustaining can be stabilized. Fig. 15 shows 
waveforms of sustaining pulse Ps2 having a large pulse 
width that is applied by shifting by the period c each 
before applying the sustaining pulse Ps . Also when the 
sustaining pulse Ps2 is applied for the display discharge, 

10 the magnetic fields are cancelled by each other in the 
complementary display electrode pair. 

The application of the above-mentioned driving 
method is not limited to the electrode structure in which 
each of display electrodes X and Y is shared for two rows 

15 of display. Also in the case where plural display 
electrodes corresponding to two rows are arranged as shown 
in Fig. 16 or 17, the effect similar to the sharing case 
can be obtained if the potential of the plural display 
electrode are the same. In the example shown in Fig. 16, 

20 two of the display electrodes X and Y are arranged between 
rows. This corresponds to the structure in which the 
display electrodes X and Y shown in Fig. 3 are separated 
in the column direction at the boundary of the horizontal 
wall 292. However, at both sides of the display electrode 

2 5 arrangement, two electrodes are not required to be 
arranged on one side, but one display electrode is 
arranged on one side. In the example shown in Fig. 16 too, 
complementary pairs are set for the display electrodes X 
and for the display electrodes Y so that the 

30 electromagnetic interference is reduced. In this case. 
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the complementary pairs are set to include a unit and 
another unit of two electrodes between neighboring rows, 
instead of combining each of the display electrodes X and 
Y. At both sides of the display electrode arrangement, 
5 the unit includes only one display electrode. In this way, 
complementary display electrode unit pairs XP and YP are 
set corresponding to the above-mentioned complementary 
display electrode pair, so that the object of the present 
invention can be achieved by applying the driving 

10 waveforms shown in Figs. 8 and 12 as they are. The 
applied voltage can be set independently for each row in 
the example shown in Fig. 16, so that flexibility of 
driving waveforms for initialization or addressing can be 
enhanced. In the example shown in Fig. 17, two of the 

15 display electrodes Y are arranged between rows, and every 
display electrode X except ends is shared by two rows of 
display. This corresponds to the structure in which the 
display electrodes Y shown in Fig. 3 are separated in the 
column direction at the boundary of the horizontal wall 

20 292. In the example shown in Fig. 17, each display 
electrode X is used as a unit, and two display electrodes 
Y between neighboring rows are used as a unit , so as to 
set a complementary pair of the units. In this way, 
complementary display electrode unit pairs XP and YP are 

25 set, so that the object of the present invention can be 
achieved by applying the driving waveforms shown in Figs. 
8 and 12 as they are. The example shown in Fig. 17 is 
suitable for controlling independently for each row only 
for the display electrode Y. 

30 [Second Embodiment] 



# 



# 
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[ Device Structure] 

Fig, 18 is a block diagram of a display device 
* ; according to a second embodiment of the present invention. 

The display device 100b comprises a surface discharge type 
5 PDP lb and a drive unit 70b and has a display function 
similar to the display device 1 of the above-mentioned 
first embodiment. The PDP lb has the total (n + 1) of 
display electrodes X and Y arranged in parallel at a 
constant pitch in the order of X, Y, X, . . . . , Y, X and m 
10 address electrodes A. The character "n" is the number of 
y rows of a matrix display while "m" is the number of 

00 columns. The drive unit 70b includes a control circuit 

71b, a power source circuit 73b, a X driver 74b, a Y- 
S driver 7 7b, and an A-driver 80b. The drive unit 70b is 

^ 15 supplied with frame data Df together with synchronizing 

Q signals from external equipment . The frame data Df are 

CP 

ry converted into subfield data Dsf in the control circuit 

S 71b - 

The display device 100b has a feature that terminals 
20 of the display electrodes X and Y are arranged in one side 
of the display screen in the row direction of the PDP lb. 
All the display electrodes X and Y are supplied with 
electricity from one side of the display screen. Thus, 
the driving waveform for reducing the electromagnetic 
25 interference can be simplified in the progressive display 
of the PDP lb of Form B in which the display electrodes X 
and Y are arranged at a constant pitch. The structure 
inside the display screen of the PDP lb is the same as the 
structure explained with reference to Fig. 2. 
30 Fig. 19 is a diagram for explaining a sustaining 



operation in the second embodiment. Fig. 20 is a diagram 
showing directions of discharge current flowing through 
display electrodes in the second embodiment . In the 
display period for sustaining, the sustaining pulse Ps is 
5 applied to all the display electrodes X and all the 
display electrodes Y alternately. Every application of 
the sustaining pulse Ps generates a display discharge both 
in an odd row and in an even row. As shown with arrows in 
Figs. 19 and 20, the directions of current flowing in the 
10 display electrodes X and Y forming a surface discharge gap 
^ are opposite to each other in the row direction of each 

p row. Therefore, the magnetic fields generated in the 

jj| display electrodes X and Y are cancelled by each other. 

S Therefore, the magnetic fields disappear completely in 

=~ 15 theory. 

Q In the above-mentioned examples, the progressive 

fy display is performed in which contents of display are set 

IT for each row. However, the present invention can be 

H applied to another case in which one row of display data 

20 are used for neighboring two rows. 

While the presently preferred embodiments of the 
present invention have been shown and described, it will 
be understood that the present invention is not limited 
thereto, and that various changes and modifications may be 
25 made by those skilled in the art without departing from 
the scope of the invention as set forth in the appended 
claims . 



